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The Cosmopolis mill has long-standing relationships with the major producers of acetate flake
and has developed a family of acetate grades that are well recognized in the industry. Thanks to
the technical requirements of this market, the price structure for this market segment has been
very stable and has not reflected the volatility of the viscose market (as mentioned earlier, the
largest segment in the chemical cellulose arena). This stability and the higher prices for acetate
have permitted Cosmopolis, a small, sulphite mill, to profitability compete in an industry now
dominated by larger scale and presumably more cost-efficient mills. Looking forward, it is
imperative that the mill be acquired by a qualified, presumably Asian buyer in the near future, a
buyer that can secure sales agreements with key acetate pulp customers for the remainder of
2006 and more importantly for 2007. A reasonable person would assume that by
August/September of this year the Cosmopolis mill’s major customers will have established
long-term purchase agreements with competing mills. This would obviously place the mill in an
untenable financial position.

Overview of Chemical Cellulose Products

Chemical Cellulose (or ‘dissolving pulp’, as it is sometimes called) is primarily used as a
feedstock in chemical processes to manufacture cellulosic fibers. The majority of chemical
cellulose is consumed in the production of viscose rayon. Smaller end-uses include cellulosic
ethers, microcrystalline cellulose and some non-chemical cellulose applications (such as ground
cellulose which is used as a filler in resin compounds).

Supply vs. Demand

Presently, world chemical cellulose production capacity versus demand is at a 20 year low
because of the closure of many of the older ‘dissolving pulp’ mills in North America and Europe.
As indicated in the ‘World Dissolving Pulp Capacity’ exhibit at the end of this section, world
capacity for chemical cellulose peaked in 1980 at approximately 6 million air-dried metric tons
(the industry’s standard unit of measure). We estimate that capacity declined to approximately
3.4 million tons in 2005. This decline is attributed to declining demand for viscose rayon and the
virtual disappearance of the cellophane industry as low cost synthetic substitutes were introduced
for both products. Another cause for decline of both chemical pulp demand and capacity was the
collapse of the Soviet Union.

Cosmopolis Pulpmill Project
Page No. 2



LDN, 7/5/2006

The decline in both demand and manufacturing capacity of chemical cellulose during the past 25
years is the outcome of three major trends within the industry. The first is the virtual
disappearance of the cellophane industry in most of the industrialized world as lower cost and
acceptable performance petroleum-based synthetics (polyethylene and polypropylene) now
dominate this market. The second is the shift in viscose rayon production from North America
and Europe to Asia, primarily India and China.

This geographic shift of viscose staple fiber production (the highest volume rayon fiber type) has
been accompanied by backward integration into the pulp business by some of the major Asian
chemical cellulose users. The Indian firm Birla has entered into two joint ventures with
Canadian chemical cellulose producer Tembec. They will eventually convert two previously
closed, paper grade mills in Eastern Canada to chemical cellulose production. The Singapore-
based firm Sateri has purchased the Brazilian Bacell mill and is expanding the mill from it’s
present capacity of 145,000ADMT/yr to 345,000/ADMT/yr. This mill will reportedly produce
both viscose and acetate grades from eucalyptus fiber. The viscose grades produced at this mill
will apparently be used to source Sateri rayon mills in Finland and China.

The third trend in the industry has been the decline of chemical cellulose capacity in North
America and Europe (and, apparently also, in the former Soviet Union) and substantial growth in
chemical cellulose capacity in the southern hemisphere. Chemical cellulose producers in the
southern hemisphere have lower wood costs (see table below), lower labor costs and less
restrictive environmental regulations and hence a significantly lower cost basis compared to
existing North American capacity.

Country Softwood Fiber Growth Rate
Canada 1 m3/hectare/year
Sweden 3 m3/hectare/year

USA 10-15 m3/hectare/year
Chile 25m3/hectare/year
Brazil 30m3/hectare/year

Source: Ernesto Wagner, Weyerhaeuser,

Western Forester, May/June 2006
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In addition to the new chemical cellulose capacity in the southern hemisphere, three Canadian
mills that were previously closed (including the two previously-mentioned Birla-Tembec joint -
venture mills) have restarted. One of these mills, the Port Alice mill on the north end of
Vancouver Island in British Columbia, is a hemlock-based sulphite mill that will undoubtedly
attempt to compete directly against the Cosmopolis mill. All of these mills were purchased at
very low prices (one for one Canadian dollar) and Canadian pulpmills that have been shutdown
and subsequently restarted typically receive various government subsidies. Whether any or all of
these mills can remain economically viable given shifting global end use demand and generally
higher North American surface transportation costs is debatable.

The recent industry data indicates that, driven by increasing Asian demand, the world production
of cellulosic fiber is now beginning to increase again. Not surprisingly, this increase in demand
and stronger pricing has prompted a marked increase in announced chemical cellulose
production capacity. Recent announcements include:

Company Location Announced New Date
Capacity

Bacell (Sateri) Bahia, Brazil 240,000 ADMT 2006

St. Anne (Birla/Tembec) Nackawic, N.B. 263,000 ADMT 2006

Neucell Port Alice, B.C. 160,000 ADMT 2006

Saiccor Umkomass, S.A. 200,000 ADMT 2007

In addition to these announced capacity expansions, a recent AF&PA survey identified new
industry debottlenecking mill projects that could account for a further 200,000ADMT/yr of
chemical cellulose capacity. This “debottlenecked” capacity and the 863,000 ADMT/yr of new
or “restarted” capacity would amount to nearly 1,000,000 ADMT/yr of additional supply or
approximately 25% of the industry capacity identified in 2005! Will it all happen? If past
behavior in the global pulp and paper industry is any indication of future industry behavior, it
could. The result would then be precisely as predicted by the simple economic model of ‘perfect
competition’- the highest cost/lowest quality chemical cellulose mill capacity would be forced to
shutdown until supply once again came back into balance with demand and the least efficient,
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Optimistic Case

Key Assumptions

1) The value of the dollar will erode significantly in relationship to other major
currencies.

2) Pt. Alice will have an unsuccessful start-up and will be incapable of producing a

quality acetate grade for the next several years.

3) Over time eucalyptus will not be able to replace existing grades on a one-for-one
basis for the manufacture of acetate flake. Introduction will take 3-5 years.

Pulp Grade | Estimated | 2006 Price | 2007 Price | 2008 Price | 2009 Price | 2010 Price
2005 Price | Assumption | Assumption | Assumption | Assumption | Assumption

MAC 950 1025 1025 1025 1025 1050
MACII 950 1025 1025 1025 1025 1050
WEYCELL 925 975 975 950 950 1000
TRUCELL 1000 1075 1075 1025 1025 1050
PH 600 650 650 650 650 700
ETHER 950 1025 1025 1025 1025 1025
VISCOSE 670 680 680 680 680 700
FLUFF 700 750 750 750 750 800

Pessimistic Case

Key Assumptions

1) The value of the dollar will not weaken in relationship to other major currencies.

2) Pt. Alice will have a successful start-up and will be capable of producing a quality

acetate grade within this year.

3) Over time,(1 year or less), eucalyptus will become a major raw material for the

manufacture of acetate flake.

Cosmopolis Pulpmill Project
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3)
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7

Ethers-2%CIF Gross
Viscose-2%CIF Gross

KEY SALES VOLUME ASSUMPTIONS

Optimistic Case

Mill will run exclusively on acetate grades in 2006 to fulfill outstanding contracts.
If mill runs to September this should amount to 105,000 metric tons. If the mill
should continue running there would be an order deficit in the fourth quarter of
2006 since the contractual commitments for acetate would have been filled
leaving little to run in the latter part of the year.

Celanese Edmonton is closing in late 2006 or January 2007. This is a key
customer representing 22-24,000 metric tons of high margin acetate business with
an attractive freight rate from Cosmopolis.

Rhodia Germany has secured volume formerly supplied by Cosmopolis from
Attiholtz.

Voridian has covered plastic grade requirements from Rayonier.

Port Alice to start in early May 2006 and not capable of producing quality acetate
grades for three to four years

Bacell starting expansion in second half of 2007. Introductions take one to three
years and are not completely acceptable one-for-one substitutes for present
grades.

Assume up to 20,000mt per year of viscose pulp sales to compensate for lost
acetate volume.

Cosmopolis Pulpmill Project
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3) Rhodia Germany has secured volume formerly supplied by Cosmopolis from
Attiholtz

4) Voridian covered plastic grade requirements from Rayonier,

5) Port Alice to start in early May. This will be capable of producing quality acetate grades this

year (2006) with Voridian and Daicel as target customers.

6) Bacell starting expansion in second half of 2007. Introductions take one year of less.

6) Nantong (China) will expand acetate flake production from 60,000 metric tons to 124,000
metric tons by 2007. This will increase pulp consumption by 40,000mt per year and

Cosmopolis sulphite will have difficult and lengthy introduction.

7) Major customers will have secured positions with existing suppliers to replace majority of

Cosmopolis volume.

8) To compensate for lost acetate tonnage, assume mill can produce and sell up to

20,000mt of viscose pulp.

Customer | Pulp Grade | 2006 Vol 2007 Price 2008 Vol. 2009 Vol. 2010 Vol.
Assumption | Assumption | Assumption | Assumption | Assumption
Daicel MACII 48,000 25,000 25,000 25,000 30,000
TRUCELL 7,000 7,000 8,000 8,000 10,000
Rhodia-US | WEYCELL 18,000 18,000 18,000 18,000 18,000
Voridian MAC 12,000 12,000 12,000 12,000 12,000
TRUCELL 5,000
Cel.- Canada MAC 24,000
CPP/Others PH 4,000 9,000 9,000 9,000 9,000
Nantong WEYCELL 3,000 6,000 12,000 12,000
FMC PH 1,000 1,000 1,000 1,000
ETHERS 1,500 1,500 2,000 3,000
Asia FLUFF
Viscose 12,000 20,000 20,000 20,000 20,000
Total 130,000 96,500 100,500 107,000 115,000

Cosmopolis Pulpmill Project

Page No. 13







LDN, 7/5/2006

As noted, the capacity to consume acetate pulp is concentrated on the east coasts of North
America and Asia (China and Japan). The market growth has been and will continue to be in
Asia. In addition to acetate pulp, much of the North American flake production is also flowing
to China to meet the seemingly ever-growing demand. It is estimated that, for the next five
years, the global growth of acetate tow will be between 3 and 3.5%.

b) Viscose:

The Cosmopolis mill has a limited capability to serve this very volatile and competitive
market. The mill has limited sheet size flexibility and cannot presently make the 60 cm. x
80cm. required by much of the industry. In addition, the dry end of the machine cannot
currently densify the pulp sheet to meet most end-user requirements. Previously the mill has
only supplied the domestic cellophane industry which used sheet steeping (where sheet density
was not an issue). The sum total of the foregoing liabilities makes the currently configured mill
uncompetitive in this market. The need for the mill to produce viscose until such time as it can
be filled with acetate is a financial liability and it gives a strong impetus to find more attractive
alternatives. The chief concern is that the marketing of viscose would be in the “bid” markets
which most often tend to erode pricing and make it difficult to plan production.

¢) Ethers:

The entire ethers market represents about 200,000 ADMT of pulp volume. Half of this market
is industrial grade CMC which can use low quality pulp as feedstock. The remainder of the
market represents high quality technical grades of ether used in food stuffs and other quality
sensitive applications. The high quality market is fragmented and represents many customers
and grades but it is very stable and profitable. The Cosmopolis mill spent close to a decade
developing an ether grade for Shinetzu in Japan. The grade in question was a derivative of an
acetate grade and yielded similar margins. To develop a significant volume of specialized
ether grades might take as much as a decade of product development and marketing,

d) Molding Compounds:

The mill developed the grade “PH Sulphite” which became the standard in the industry for the
manufacture of molding compounds. The mill has robust screening and cleaning capacity and
can meet the stringent cleanliness of this industry. Unfortunately, the molding compound
industry has virtually all moved to Asia with many of Cosmopolis’ North American

Cosmopolis Pulpmill Project
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competitors closing over the last decade. This grade runs very well in the mill and is more
profitable than viscose.

Conclusion:

The only financially viable course of action for the mill to pursue is to maintain as much of it’s
hard won acetate market position as it can. In 2005, we estimate the mill’s contractual acetate
position was 122,000ADMT. The closure of one of the mill’s major customers, Celanese
Canada, in late 2006 and the loss of Rhodia Germany to Attiholz reduces this contractual base
by approximately 36,000mt. This loss makes the retention of a significant portion of the
present Daicel volume crucial for the mill’s financial survival. If Daicel has already secured
most of the Cosmopolis volume from other suppliers on a long- term contractual basis, the
retrieval of this volume would be close to impossible unless the other suppliers are unable to
perform on their contracts.

Cosmopolis Pulpmill Project
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Potential Site Alternatives
Overview

Our consulting team has been asked to consider other uses for the Cosmopolis mill
facilities and site if the option of continuing the current pulpmill operation isn’t deemed
feasible. We have chosen to focus on uses that would employ some of the mill’s existing
human resources, infrastructure and the utility services that are already in place. The

possibilities examined include:

1. Stand-alone bio-fueled power generating plant (this was covered in another report
which was shared with the Advisory Committee on June 29, 2006)
2. A power generating plant with a residual heat user located on-site
a. Fishrearing facility
b. Lumber drying kilns
c. 17
3. Existing mill and process reconfigured for ethanol (and methanol) production
4. Solvent process pulpmill with both pulp and chemical products

Other, more general uses of the site can, of course, be imagined (e.g. warehousing, cross-
docking/distribution, etc.) but we have chosen to focus on potential uses that might best

exploit the facility’s more unique attributes.

The Mill as an Ethanol Plant

In the simplest conversion to an ethanol plant, the mill’s brown stock systern and
recovery system would remain substantially intact. The red liquor from the cooking
process would go through a fermentation/distillation plant for ethanol production and
then on to the current recovery system. Meanwhile, the washed pulp would go through a
process called ‘cellulose hydrolysis® which would create a solution of simple wood
sugars in water. This solution would then, in turn, go through a conventional
fermentation and distiliation step to produce ethanol, with part of the water recycled and

part routed to the mill’s current treatment system.

Cosmopolis Pulpmill Project- Potential Site Alternatives
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For a mill the size of Cosmopolis, the maximum theoretical yield of ethanol is roughly 37
million gallons per year. The more probable, realistic yield would likely be about 26
million gallons per year. This assumes the consumption of roughly 400,000 BDT’s/year
of wood. The current ethanol price, likely driven by tax incentives, an oxygenated fuel
mandate, high petroleum prices and the current, general enthusiasm for bio-fuels, is
roughly $2.50/gallon. At 26 million gallons per year, this suggests a gross revenue of
about $65 million per year or roughly 55% of the current pulpmill revenue stream. This
earnings stream might be enhanced slightly by sales of other by-products such as
methanol and furfural. The mill’s impact on ethanol market pricing would likely be
negligible- the quantity produced would amount to less than .4% of the U.S. demand for

ethanol in an E10 gasoline mix.

While the projection of revenues may seem somewhat disappointing, it does not
necessarily mean that this business would be a ‘loser’. Compared to the pulpmill
operation, this new operation would essentially replace the pulp machine and bleach plant
operations with hydrolysis, fermentation and distillation. With this configuration, the
headcount requirement and chemical and energy costs should all be substantially reduced
and the facility should have considerabie feedstock flexibility (compared to a dissolving
pulpmill), even permitting the use of species like hybrid cottonwood.

Substantial new capital investment would be required for the fermentation and distillation
processes but both are pretty well developed technologies. The technology that is not
well developed, on a commercial, larger scale basis, is cellulose hydrolysis. There are
three known routes to the complete (or nearly complete) hydrolysis of cellulose: 1)
concentrated acid hydrolysis, 2) dilute acid hydrolysis and 3) enzymatic hydrolysis. All
three approaches have advantages and problems. Commercial concentrated acid
hydrolysis requires recovery and re-concentration of the acid, a nasty step, to put it
mildly. Dilute acid hydrolysis is hard to drive to completion. Enzymatic hydrolysis is
apparently not economically feasible at present.

Because this option would require a very substantial new capital investment ($50
million?) and it would involve a critical process step (hydrolysis) that still seems to need
substantial technological development, this clearly has the nature of a development
project, a project that won’t likely be undertaken without the support of a very risk-

tolerant source of capital or some consortium or government agency.

Cosmopolis Pulpmili Project- Potential Site Alternatives
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By-Product Ethanol Production

One additional, important point should be made before we conclude our discussion of
ethanol production opportusities at Cosmopolis. Etbanol production from this mill could
occur in one of two ways, either as a by-product or (as mentioned in this review of mill
alternatives) as a primary product. The by-product option involves the fermentation of
the red liquor part way through the liquor evaporation process. This isn’t ‘brain surgery’-
sulfite mills have been doing this since the 1940°s. The only unanswered question is
whether there is some problem of compatibility with the mill’s magnesium base. Most (if
not all) of the milis that do this are calcium-based. Truman doesn’t think this should be a
problem but it needs to be studied. Probable mill ethanol yield, under this by-product
ethanol option, is likely on the order of between 4 and 5 million gallons per year which
(using the assumptions made previously) implies an incremental revenue stream of
between $7 and $12 million. There may be some operating cost impacts of this approach
but the big cost item- the chip cost- would obviously be unaffected.

Truman has suggested that, if he were still running the mill and he wasn’t under corporate
orders to shut it down, ‘he would be all over this one’. In addition to this valuable new
revenue stream, this option might even permit some incremental mill recovery
debottlenecking. Theoretically, this might permit the mill to make a modest (3%7?)

throughput improvement.

In the primary ethanol product mode, there would be two separate fermentation lines, one
for red liquor and one for the hydrolyzed pulp sugars. We haven’t identified a way to
combine them.

Competitive Methods of Ethanel Manufacture

Ethanol may be synthesized from petroleum, a proven approach once dominant for
industrial purposes but now seldom mentioned. Most of the bio-fuel ethanol that is now
produced in the U.S. is made by fermentation of feed corn. With a typical yield of 2.7
gallons per bushel and corn prices ranging from $2.00 to $3.50 per bushel, the raw
material costs are pretty comparable to wood (see attached ethanol feedstock cost
analysis). The operating costs for producing ethanol from corn are substantial because
the starches must be enzymatically degraded to sugars before fermentation.

Cosmopolis Pulpmill Project- Potential Site Alternatives
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Ethanol is produced in Brazil by fermentation of sugar cane juice, a somewhat simpler
process. This process is reportedly uneconomical in the U.S. because of subsidized sugar
prices. Furthermore, the Brazilian export of ethanol to the U.S. is apparently uneconomic

because of substantial tariff barriers.

Ethanol Feedstock Cost Analysis

A. Ethanol from corn
1. Corn yield per acre (US average)- 139 bushels/acre
2. Ethanol yield from corn- 2.7 gal/bushel
3. Current feed corn price range- $2 to $3.50/bushel
4. Therefore, $/gallon for ethanol from feed corn- $.74 to $1.30/gallon

B. Ethanol from wood
1. Assume utilization of only hexose sugars in fermentation
Most woods are roughly 60% hexose sugars
Theoretical yield from anaerobic metabolism of hexose is 57% by mass
Price of wood is $60 to $1006/BDT
Wood yield per acre is about 4 BDT/acre/year
Ethanol density is 0.789 kg/m3 or 6.581 pounds/gallon
So, at 100% of theoretical yield, feedstock cost range is:

NSV A W

$/gallon = (60)(6.58) = $0.65 at $60/BDT
(2000)(.51)(0.6)

$/gallon=(100)(6.158) = $1.08 at $100/BDT
(2000)(.51)(0.6)

8. Limited data available suggests a recovery vs. theoretical on the order of
70%, implying a feedstock cost range of $.93 to $1.54/gallon.

9. Yield per acre corresponding to a 4BDT/acre/year growth rate, a hexose
content of 60% and a yield of ethanol at 70% of theoretical is:

(0.7%4)(2000)90.51)(.6) = 260 gallons/acre/year
6.58

Cosmopolis Pulpmill Project- Potential Site Alternatives
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Conclusion: In the ‘contest’ between corn and wood, the favorable energy balance for
wood should offset a slight corn feedstock cost advantage, Corn by-products may swing
the balance back. The ‘devil is in the details’. For further information, see the article
attached at the end of this section entitled, “The 2001 Net Energy Balance of Corn’.

The Bio-Refinery Pulpmill

In this concept, the mill’s basic process is altered. Sulfite pulping is replaced by an
organic solvent step, possibly catalyzed, to accomplish the basic pulping. Most of the
lignin and hemicellulose from pulping winds up in solution and the pulp continues along
as it currently does for further processing. Lignin and hemicellulose are separated,
usually by precipitation of the lignin, and the lignin is recovered as a saleable by-product.
The hemicellulose can be fermented to ethanol. The conventional chemical recovery step

1s eliminated.

Processes such as these have reached the semi-commercial stage in the past and then
failed for various reasons. One reason is poor product definition. Exactly where and to
whom does one sell precipitated lignin? We, at Paneltech, would have an interest in this
ligmin as a phenol replacement for PF resins but, once again, the ‘devil is in the details’.
Furthermore, the ethanol that was produced was not an economically desirable product
until quite recently. Finally, and perhaps most importantly, the pulp from these processes
have proven to be inferior to the more ‘normal’ pulps. Capital costs and technology
problems are significant but there are companies that have expressed an interest in

finding a demonstration site.

The Mill as a Stand-Alone Power Generating Facility

A separate report, exploring this subject more fully, has been prepared and distributed to
the Advisory Committee.

Cosmopolis Pulpmill Project- Potential Site Alternatives
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THE 2001 NET ENERGY BALANCE OF CORN-ETHANOL

Hosein Shapouri*, U.S. Department of Agriculture (USDA), Office of the Chief
Economist (OCE), 300 7" Street SW., Room 361, Washington, D.C. 20024, telephone:
202 401 0531, James Duffield, USDA/OCE, Andrew McAloon, USDA/Agricultural
Research Service (ARS), Eastern Regional Research Center, 600 East Mermaid Lane,
Wyndmoor, PA. 19038, and Michael Wang, U.S. Department of Energy, Center for
Transportation Research, Energy Systems Division, Argonne National Laboratory, 9700
South Cass Avenue, Argonne, IL. 60439

ABSTRACT

This report estimates the net energy balance of corn ethanol utilizing the latest survey of
U.S. corn producers and the 2001 U.S. survey of ethanol plants. The major objectives of
this report are to improve the quality of data and methodology used in the estimation.
This paper also uses ASPEN Plus, a process simulation program, to allocate total energy
used to produce ethanol and byproducts. The results indicate that corn ethanol has a
positive energy balance, even before subtracting the energy allocated to by products.
The net energy balance of corn ethanol adjusted for byproduct credits is 27,729 and
33,196 Btu per gallon for wet- and dry-milling, respectively, and 30,528 Btu per gallon
for the industry. The study results suggest that corn ethanol is energy efficient, as
indicated by an energy output/input ratio of 1.67.

Keywords: Com-ethanol, energy inputs, dry-and wet-milling, net energy batance

INTRODUCTION

USDA’s net energy balance of corn-ethanol was published in 1995, 2002, and 2003 in the
American Society of Agricultural Engincers (ASAE), Shapouri et al. Since 1970, many
authors have studied the net energy balance of com-ethanol. The major objective of this
report is to improve the general estimation procedure. These improvements include: (1)
regular updating of the estimates based on the latest data on corn production and corn
yield, (2) improving the quality of estimates for energy used in manufacturing and
marketing nitrogen fertilizer, (3) improving the quality of estimates for energy used to
produce seed-corn, and (4) enhancing the methodologies used in allocating the energy
used in ethanol production (to byproducts and ethanol). In contrast {o three previous
studies, all energy inputs are reported in low-heat value (LHV).

During the past 2 years, David Pimentel, 2003, Tad Patzek, 2003, and Andrew Ferguson,
2003, criticized USDA’s studies of the net energy balance of corn ethanol. It is argued
that USDA underestimates energy used in the production of nitrogen fertilizer and the
energy used to produce seed-corn, over estimating the energy allocated to produce corn-
ethanol byproducts. They also argued that USDA excludes energy used in corn irrigation
and secondary energy inputs used in the production of corn, such as farm machinery and



equipment and cement, steel, and stainless steel, used in the construction of ethanol
plants.

THE NET ENERGY BALANCE

This paper, unlike the Dr. Pimentel report, 2003, is based on straightforward
methodology and highly regarded quality data from the 2001 Agricultural Resource
Management Survey (ARMS), Economic Research Service, ERS/USDA, 2001
Agricultural Chemical Usage, and 2001 Crop Production, National Agricultural Statistics
Service, NASS/USDA, and the 2001 survey of ethanol plants.

Direct energy used on farms, such as gasoline, diesel, LP gas (LPG), natural gas, and
electricity, for the production of corn, including irrigation by States from 2001 ARMS,
are available on the ERS Web site. The number of seed-corn planted per acre in 2001,
custom work expenditure, tons of lime used per acre, and purchased water were also from
the 2001 ARMS. Quantities of fertilizers and pesticides used per acre of corn in 2001
were published by NASS. Although corn is produced in every State, we focused our
analysis on the major corn-producing States: IHlinois, Indiana, Iowa, Minnesota,
Nebraska, Ohio, Michigan, South Dakota, and Wisconsin. In 2001, these nine States
accounted for 79 and 92 percent of U.S. corn and ethanol production, respectively.

Corn yield is a critical part of the net energy balance estimation. Although the corn yield
has been rising over time, the annual variation is very volatile. Therefore, we used a 3-
year average yield instead of the average yield for the survey year. The 2000-02
weighted average corn yield in each State was used to convert farm inputs from a per acre
basis to a per bushel basis (2001 Crop Production, NASS). Table 1 shows the nine-State
energy input data per acre of corn and nine-State weighted average for the 2001 ARMS.

Table 1--Energy-related inputs used to grow corm in nine States and nine-State weighted average, 2001

9-State
Weighted
IL IN 1A MN NE OH Mt 5D Wl average

Yield 2000-02

average Busheis/acre 146.31 141.85 152.06 14435 13366 1258 11478 105.82 131.48 139.34
Seed Kemels/acre 20158 28281 29855 30816 26619 28934 27867 25270 29860 28739
Fertilizer:

Nitrogen pounds/acre 154.53 147.33 125.04 113.74 131.73 1683 12552 109.09 1066 133.52
Potash poundsfacre 116.81 13232 6872 6182 2114 112 1021 31989 56.01 88.2
Phosphate poundsfacre 80.88 67.28 5732 46.31 3518 67389 5006 4554 3743 56.81
Lime poundsfacre 20 20 20 0 1] 20 20 0 60 16.67
Energy:

Dieset Gallonsiacre 37 46 4.6 54 12.4 4.3 7.2 4.4 T.4 5.85
Gasoline Gallons/acre 1.5 2.1 1.2 1.7 21 1.6 25 1.5 t.4 3.4
LPG Gallonsfacre 2.8 3.2 72 8.5 4.1 5.6 38 0.5 1.9 3.42
Electricity kWhiacre 98 28.3 16.8 288 1525 10 255 274 6.6 33.59
Natural Gas Cubic ffacre 76.9 144 2 0 45.8 964 184 2231 7 124 24597
Custom work Dol facre 13.45 7.8 9.9 8.58 7.93 B.29 9.8 9.3 1526 10.12
Chemicals Pounds/acre 3.28 3.19 2.84 2 217 37 315 1.83 2147 2.66
Purchased water Dol./acre 0 0 0 0 1.2 4] [s] Q 0 0.18

SBource: USDA, Economic Research Service and Office of Energy Poficy and New Uses.



In previous studies, we assumed that energy used to produce seed-corn is equal to 1.5
times the energy used to produce corn. The review of literature and comments on our
reports indicated that seed-corn production requires more energy because the seed-corn
yield per acre is low and requires a considerable amount of electrical energy to process
seed-corn including drying, shelling, grading, cleaning and storage. Based on an
unpublished report prepared by Michael Graboski, 2002, for the National Corn Grower
Association, the energy required for growing and processing seed-corn is estimated at 4.7
times that required for production of corn. The factor of 4.7 is used in this study.

The amount of energy used to produce a pound of nitrogen has been estimated in several
studies. The values range from 18,392 Btu of high heat value (HHV) per pound,
Shapouri et al, 2002, to over 33,590 Btu LHV per pound, Pimentel 2003. For this report,
we asked Keith Stokes, President of the Stokes Engineering Company and fertilizer
expert, to estimate the energy used in the production of nitrogen, phosphate, and potash
fertilizers. His estimates of energy used (LHV) to make and deliver nutrients are 24,500
Btu per pound of N, 4,000 Btu per pound of P2Os, and 3,000 Btu per pound of K;0.

The energy used to produce herbicides and insecticides are from Wang et al. 1999, the
Greenhouse Gas Regulated Emissions and Energy Use in Transportation (GREET)
model, Argonne National laboratory. More than 153,000 Btu of energy is required to
produce a pound of herbicides, and about 158,000 Btu of energy is required to produce a
pound of insecticides. A weighted average of over 154,000 Btu of energy is used per
pound of pesticides. Farm-related energy inputs are converted per bushel and then to Btu
of energy per bushel of corn by multiplying each input by its LHV. The energy required
for hauling these inputs to farms, excluding fertilizer, was also estimated. The energy
used to produce fertilizers includes energy used to deliver fertilizer to farm. The total
energy requirements for farm inputs are given in Table 2.

The energy associated with transporting the corn from local storage facilities to ethanol
plants was estimated by the GREET model. The average energy used for transporting a
bushel of corn was 5,636 Btu or about 2,120 Btu per gallon of ethanol.

Ethanol production facilities include both dry- and wet-milling operations. Dry mills are
usually smaller than wet mills and are built primarily to produce ethanol. Wet mills are
bio-refineries and produce a wide range of products such as ethanol, high fructose corn
syrup (HFCS), starch, food and feed additives, and vitamins. Thermal and electrical
powers are the main types of energy used in both types of processing plants. Wet mills
usually generate both electrical and thermal energy from burning natural gas or coal. Dry
mills use natural gas to produce steam and purchase electricity from a utility.

The energy used to convert corn to ethanol is based on a U.S. survey conducted in 2001
by BBI International. On the average, dry mill ethanol plants used 1.09 Kwh of
electricity and about 34,700 Btu of thermal energy (LHV) per gallon of ethanol. When
energy losses to produce electricity and natural gas were taken into account, the average
dry mill ethanol plant consumed about 47,116 Btu of primary energy per gallon of
ethanol produced. Wet mill ethanol plants that participated in the survey used 49,208



Table 2-Total energy requirements of farm inputs for nine State and nine-State weighted average, 2001

9-Siate
Weighted
1L IN 1A MN NE OH MI SD W] average
BTU/bushel

Seed 525 587 451 512 B804 780 827 623 548 603
Fertitizer:

Nitrogen 25876 25446 20147 19305 24148 32764 26792 25257 19864 23477

Potash 2395 2798 1358 1285 474 2570 2689 907 1278 1899

Phosphate 2211 1897 1508 1283 1053 2142 17458 1721 1139 1631

Lime 76 79 73 0 o] 89 97 0 255 63
Energy:

Diesel 3853 4941 46509 5700 14136 5207 0558 6338 8576 ?{?9_1 »

Gasoling 1478 2135 1138 1698 2268 1834 3141 2044 1536 3519

LPG 1644 1938 4087 5058 2635 3823 2694 406 1241 2108

Electricity 614 1868 1035 1739 10685 744 2081 2425 470 2258

Natural Gas 550 1063 D 332 7544 1383 2033 59 986 1846
Custom work 2001 1197 1417 1284 1281 1434 1858 1913 2526 1581
Chemicals 3453 3464 2877 2134  250% 4530 4227 2664 2542 2941
Purchased water 0 0 0 ] 946 0 "] 0 4] 138
Input hauling 143 167 178 176 242 209 254 121 251 202
Total 44821 47551  3B856 40516 68723 57580 57977 44486 41212 CQTS%\)

——

Btu per gallon of natural gas and coal, on average, to produce steam and electricity in the
plants. After adjustments for energy losses to produce natural gas and coal, on the
average, a wet mill ethanol plant used 52,349 Btu of energy to make a galfon of ethanol.

The average energy associated with the transport of ethano! from ethanol plants to
refueling stations was estimated by the GREET model. The average energy used for
transporting a gallon of ethanol was 1,487 Btu per gallon for both dry and wet milling.

The production of ethanol comes with a range of byproducts, such as distillers dried
grains with soluble (DDGS) in the dry milling operation, and corn gluten feed (CGF),
corn gluten meal (CGM), and corn oil in the wet milling process. The energy used to
produce corn and convert corn to ethanol, including hauling corn from farms or grain
elevators to ethanol plants, should be allocated to ethanol and byproducts.

In the previous studies, we used a replacement method to allocate total energy to ethano}
and byproducts. For this report, we used ASPEN Plus, a process simulation program, to
allocate the energy used in the plants to ethanol and byproducts. On the average, 5% and
64 percent of the energy used to convert corn to ethanol is allocated to ethanol in dry- and

wet-mills respectively.

Energy is used to produce and transport corn to ethanol plants allocated to starch and
other corn kernel components, such as fiber, germ, and protein. Only starch is converted
to ethanol. On the average, starch accounts for 66 percent of the corn kernel weight (15
percent moisture). Therefore, 66 percent of energy used to produce and transport corn to
ethanol plants is allocated to ethanol and 34 percent to byproducts.

Energy used in the production of secondary inputs, such as farm machinery and
equipment used in corn production, and cement, steel, and stainless steel used in the



construction of ethanol plants, are not included in our study. Available information in
this area is old and outdated. Pimentel, in his latest report (2003), used the 1979 Slesser
and Lewis to estimate the energy used in the production of steel, stainless steel, and
cement.

RESULTS

All energy inputs used in the production of ethanol is adjusted for energy efficiencies
developed by GREET model. The estimated energy efficiencies are for gasoline (80.5
percent), diesel fuel (84.3 percent), LPG (98.9 percent), natural gas (94 percent), coal (98
percent), electricity (39.6 percent), and transmission loss (1.087 percent). After adjusting
the energy inputs by these energy efficiencies, the total estimated energy required to
produce a bushel of corn in 2001 was 49,753 Btu.

Table 3 summarizes the input energy requirements, by phase of ethanol production on a
Btu per gallon basis (LHV) for 2001, without byproduct credits. Energy estimates are
provided for both dry- and wet-milling as well as industry average. In each case, corn
ethanol has a positive energy balance, even before subtracting the energy atlocated to
byproducts.

Table 4 presents the final net energy balance of corn ethanol adjusted for byproducts.
The net energy balance estimate for com ethanol produced from wet-milling is 27,729
Btu per gallon, the net energy balance estimate for dry-milling is 33,196 Btu per gallon,
and the weighted average is 30,528 Btu per gallon. The energy ratio is 1.57 and 1.77 for
wet- and dry-milling, respectively, and the weighted average energy ratio is 1.67.

Tahle 3--Energy use and net energy value per Table 4--Energy use and net energy value per
gallon without copsoduct energy credits, 2001 gailon with coproduct energy credits, 2001
Milling process Weighted Milling process Weigted

Production process Dry Wet average Productioh process Dry Wet average

Btu per galion Btu per gallon
Corn production 18875 18581 18713 Corn production 12457 12244 12350
Com transport 2138 2101 2120 Com transport 1411 1387 1398
Ethanol conversion 47116... 52349 49733 Ethanol conversion 27799 33503 30586
ethanol distribution 1487 1487 1487 ethanot distribution 1467 1467 1467
Total energy used 69616 74488 72052 Total energy used 43134 43601 45802
Net energy value 6714 1842 4278 Net energy value 33196 27729 30528
Energy ratio 1.10 1.02 1.06 Energy ratio 1.77 1.57 1.67
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